Exo-( 1 + 3)-P-glucanase, P-glucosidase, autolysin and trehalase were assayed in situ in Candida albicans during yeast growth, starvation and germ-tube formation. Cell viability, germ-tube formation, intracellular glucose-6-phosphate dehydrogenase and f3-glucosidase were unaffected in cells incubated in 0.1 M -H C~ for 15 min at 4 "C. However, in situ trehalase, (1 + 3)-P-glucanase and autolysin activities in acid-treated cells decreased by 95,50 and 35% respectively, indicating that these enzymes are, in part, associated with the cell envelope. Trehalase activity increased throughout yeast growth and remained elevated during the first hour of incubation for germtube formation. All of the in situ trehalase activity in starved yeast cells could be measured without the permeabilizing treatment. P-Glucosidase activity declined throughout yeast growth and did not alter during germ-tube formation. Both the (1 +3)-P-glucanase and autolysin activities were optimal at pH 5.6, inhibited by gluconolactone and HgC12, and maximal at 15-16 h during yeast growth. Although autolysin activity increased by 50-100% when starved yeast cells were incubated for germ-tube formation, the in situ (1 +3)-/?-glucanase remained constant. When acid-treated starved yeast cells were similarly induced, in situ (1 + 3)-P-glucanase increased 100% over 3 h of germ-tube formation. Yeast cells secreted (1 -+3)-P-glucanase into the growth medium. This was highest in early exponential phase cultures (34% of the maximum in situ activity) and declined throughout growth. (1 -+3)-P-Glucanase was also secreted into the medium during germ-tube formation and this represented 80-100% of the in situ activity in germ-tube forming cells. Both secretion of (1 -+3)-P-glucanase and germ-tube formation were inhibited by 2-deoxyglucose, ethidium bromide, trichodermin and azaserine.
INTRODUCTION
A variety of hydrolases are associated with the cell envelope of yeasts and fungi (for a review see Arnold, 198 1) . These enzymes may be involved in utilization of exogenous nutrients (Arnold, 1979) , the turnover of cell wall polymers (Farkas, 1979) , the modification of the cell wall during morphogenesis (Mahadevan & Madhakar, 1970; Del Rey et al., 1979) , infection (Macdonald & Odds, 1983) , and the development of antibiotic resistance . The cell walls of yeasts and fungi contain (1 + 3)-P-and (1 -+ 6)-P-glucans (Farkas, 1979) . P-Glucanases secreted by these organisms are associated with the cell envelope and are also recovered from the culture medium. Increased amounts of glucanases have been noted in the cell envelope during budding of Saccharomyces cerevisiae (Del Rey et al., 1979) , conjugation of Schizosaccharomyces versatilis and Hansenula wingei (Fleet & Phaff, 1973; Brock, 1964) , and lysis of asci in Kluyveromyces, Pichia and Hansenula spp. (Abd-el-a1 & Phaff, 1968) . Cell wall autolytic activity increases during hyphal morphogenesis in Neurospora crassa (Mahadevan & Madhakar, 1970) and growth by Abbreviations: GlcNAc, N-acetylglucosamine ; PMSF, phenylmethylsulphony1 fluoride ; TET, toluene/ethanol/ Triton X-100 (1 : 4 : 0.2, by vol.).
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fission in Schizosaccharomyces pombe (Fleet & Phaff, 1974) . However, the involvement of cell wall P-glucanases and/or autolysins in cell wall morphogenesis remains to be unequivocally established.
Candida albicans is a dimorphic yeast and the initial phase of the yeast-mycelial transition is induced at 37 "C by N-acetylglucosamine (GlcNAc) (Simonetti et al., 1974) , glucose plus glutamine (Shepherd et al., 1980a) and other N-acetylhexosamine derivatives (Sullivan & Shepherd, 1982) . Germ-tube formation in Candida albicans thus provides a simple developmental system for the study of cell wall morphogenesis.
The following enzymes have been reported in cell walls and culture filtrates of C. albicans: acid phosphatase (Chattaway et al., 1976) , protease (Macdonald & Odds, 1983) , phospholipase (Pugh & Cawson, 1975) , (1 + 3)-fl-glucanase (Notario, 1982) , and trehalase (Arnold & McLellan, 1975) . Extracytoplasmic enzymes have not previously been studied during germ-tu be formation in C. albicans. A study was therefore made of the activities of P-glucan hydrolases, autolysin and trehalase during yeast growth and germ-tube formation.
METHODS

Substrates.
Laminarin ex Laminaria digitata, purchased from US Biochemical Corp., Cleveland, Oh., USA, was reduced with sodium borohydride before use (Goldstein et al., 1965) . Pachyman, extracted from the air-dried fungus Poriu coccus (Wolf), (Mikuni Co., Osaka, Japan) was purified to 85% (w/w) carbohydrate and (1-+6)-glucosidic links were removed by periodate oxidation (Goldstein et al., 1965) . Pachyman used in endoglucanase assays was carboxymethylated (degree of substitution 0.30) according to the method of Clarke & Stone (1962) . Pachydextrins were a gift from Dr R. J. Sturgeon, Heriot-Watt University, Edinburgh, UK. Pustulan (Calbiochem) was refluxed with 0-15 M-H,SO, for 30 rnin and reduced with sodium borohydride before use. For enzyme assays, glucans were used at a concentration of 2.0 mg ml-l. Zymolyase 5000 was obtained from the Kirin Brewery Co., Takasaki, Japan.
Growth of yeast cells and preparation of germ-tubes. Yeast cells of Candida albicans ATCC 10261 were grown as shake-cultures in glucose/salts/biotin medium (Shepherd & Sullivan, 1976) . Exponential phase cells were harvested after 16 h growth. These cells were suspended in water and aerated at 100 cm3 min-' (100 m1)-for 24 h at room temperature to produce starved yeast cells. Germ-tube formation was induced in starved cells with GlcNAc as described by Shepherd et al. (1980a) . The extent of germ-tube formation was assessed by phasecontrast microscopy.
Acid treatment of cells. Cells (1.0 to 1.6 x lo9 cells ml-l ) were suspended in 0.1 M-HCl at 4 "C. After 15 min the acid suspension was neutralized by the addition of an equivalent amount of NaOH. Cells were recovered by centrifugation and washed once in distilled water. Viable cell counts were determined by plating samples (0.05 ml) of lo5 to 1 O7 dilutions of cell suspensions before and after acid treatment on glucose/salts/biotin medium supplemented with 1.5% (w/v) agar.
Preparation ofpermeabilized cells. Cells were suspended at a known concentration (1.0 to 1.6 x lo9 cells ml-l ) in 0.1 M-sodium acetate buffer, pH 5.6, containing 0.1 M -K C~ and 0.01 M-MgCI,. A mixture of toluene/ethanol/Triton X-100 (1 :4 : 0.2, by vol. ; TET) was added to a stated final concentration in the range 9 to 20% (v/v) and the cell suspension shaken at maximum speed on a wrist shaker (Griffin & George Microid shaker) for 5 min at 4 "C (see Results). The cells were washed three times with 0.1 M-Sodium acetate buffer, pH 5.6, and stored at 4 "C. For the measurement of trehalase, cells were permeabilized in 0.1 M-sodium acetate buffer, pH 5.6, containing 0.1 M-KCl, 0.01 M-MgC1, and 0.3 M-NaF.
Preparation of cell extracts. Cells were suspended in the appropriate enzyme assay buffer at the concentration used for permeabilized preparations. Glass beads (0.5 mm) were added in a ratio of 1 : 2 (v/v) and the suspension was shaken at 4000r.p.m. (2 x 30s) in a Braun homogenizer (B. Braun, Melsungen, FRG), with cooling by compressed CO,. The glass beads were separated from cell extracts by filtering through a sintered glass funnel.
Preparation of culture$ltrate concentrates. Cultures of exponentially growing or germ-tube forming organisms were centrifuged (3000g, 10 min) and filtered through a glass fibre filter (GF/C) to remove the cells. EDTA, phenylmethylsulphonyl fluoride (PMSF) and chloramphenicol(1.3 mM, 150 VM and 5 pg ml-l , respectively) were added and the filtrates were concentrated by dialysis against polyethylene glycol 6000 (overnight, 4 "C). Culture filtrate concentrates were dialysed against 0.01 M-sodium acetate buffer, pH 5.6 (4 "C, 2 h) before enzyme assays.
Enzyme assays. Exo-( 1 +3)+glucanase (EC 3.2.1.58) activity was measured using a fixed time assay at 37 "C. Each assay mixture (0.25 ml) contained 0.5 mg borohydride-reduced laminarin and 0.05-0.1 5 ml enzyme preparation in 0.1 M-sodium acetate buffer, pH 5.6. Controls of substrate plus buffer and enzyme plus buffer were incubated concurrently. After 30 min, 0.75 ml distilled water was added to each tube and the incubations were terminated by heating at 100 "C for 10 min. Assay tubes were then centrifuged (20000 g, 5 min) to remove insoluble material. The reducing sugar content at time 0 and 30 min was measured for each incubation. One unit of activity is defined as the amount of enzyme which liberates 1 pmol reducing sugar measured as glucose equivalents in the standard assay. p-Glucosidase (EC 3.2.1.21) and glucose-6-phosphate dehydrogenase (EC 1.1.1.49) were assayed as described previously (Ram et al., 1983) . Trehalase (EC 3.2.1.28) assays (0-5ml) contained 50 pmol trehalose and 0.1-0.4 ml enzyme preparation in 0.1 M-sodium acetate buffer, pH 5.6, containing 0.3 M-sodium fluoride. Controls of enzyme plus buffer and trehalose plus buffer were incubated concurrently. The reducing sugar was measured after 30 min incubation at 37 "C. One unit of trehalase is defined as that amount of enzyme which liberates 2.0 pmol glucose (measured as reducing sugar) per min in the assay. Endo-( 1 +3)-p-glucanase (EC 3.2.1.6) was detected essentially as described by Woods (1981) on 2% (w/v) agar gel plates which contained sodium carboxymethyl-pachyman (1 %, w/v), sodium azide (0.02%, w/v) and chloramphenicol (0.5 pg ml-I ) in 0.10 M-sodium acetate buffer, pH 5.6, Enzyme samples (0.05 ml) were placed in 5 mm diameter wells and the plates were incubated at 37 "C for 4-6 h. Hydrolysis of the glucan was accompanied by a clearing of polysaccharide around the wells. The area of the glucan hydrolysed around the well was clearly visualized after treating the agar plates with 0.10 M-HCI (5 mi) subsequent to staining the residual glucan for 20 min with Congo Red (10 mg ml-l; 5 ml per plate). The area of glucan hydrolysed around the well was proportional to the enzyme concentration (Woods, 1981) . During this work the assay was checked with the endo-( 1 + 3)-p-glucanase present in Zymolyase 5000 (Scott & Schekman, 1980) .
All enzyme activities are expressed as units (lolo cells)-' Autolysin activity. Suspensions of permeabilized cells (1.0 to 2.0 x lo9 cells ml-l) were incubated in 0.1 Msodium acetate buffer, pH 5.6 (0.4 ml final volume) at 37 "C for 30 min and the assay was stopped by the addition of 0.4 ml 1.0 M-HCl. Assay tubes were chilled on ice (10 min), and mixtures were neutralized with 0-4 ml 1.0 MNaOH and centrifuged (2000 g, 5 min). The reducing sugar present in the supernatant was measured as indicated below. One unit of autolysin activity catalyses the formation of 1 mg reducing sugar h-*. Activity is expressed as
Analytical rnefhods. Reducing sugar, glucose, carbohydrate, dry weights and cell numbers were determined as described previously (Ram et al., 1983) . Paper chromatography was done on Whatman no. 1 paper using ethyl acetate/pyridine/water (12 : 5 :4, by vol.) as solvent. Sugars were visualized with alkaline silver nitrate as described previously (Ram et al., 1983) .
SEM.
R E S U L T S
Recently, Ram et al. (1 983) showed that TET was an effective permeabilizing agent for C. albicans but that different concentrations of TET were required for optimum in situ activity of each enzyme and for different types of cell (growing yeasts, starved cells and germ-tube forming cells). Figure 1 (a, b) shows the effects of varying TET concentrations on the in situ activities of trehalase, glucanase, autolysin and glucosidase in starved and germ-tube forming cells. With starved cells the in situ trehalase activity was independent of TET concentration over the entire range 0-34% (v/v). However, this was the only enzyme activity and type of cell for which the permeabilizing agent was unnecessary : without TET treatment the other in situ enzyme activities ranged from zero to 5 % of the maximum. For routine assays TET was used at the following final concentrations (v/v) : (1 +3)-P-glucanase, 17-20%; autolysin, 5-9 %; trehalase, 9-12% and P-glucosidase, 9-12%. Concentrations of TET greater than 12% resulted in decreased in situ autolysin and 1-glucosidase with all cell types.
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Enzyme activities in yeast and germ-tube forming cells Trehalase activity.
This was low and almost constant throughout yeast phase growth at 0-22 f 0.03 units (1O'O cells)-'. Figure 2 shows typical changes in cell dry weight during starvation of yeast cells for 24h followed by a subsequent 4 h incubation for germ-tube formation. With starvation the dry weight decreased by 18%. The 4 h incubation for germ-tube formation resulted in a dry weight increase of 40% and > 90% of the cells formed germ-tubes, Figure 2 also shows the changes in in situ trehalase activity and the secretion of (1 -+3)-Pglucanase (discussed below) during starvation and germ-tube formation. Starvation of cells resulted in a two-to threefold increase in trehalase activity (Fig. 2) . During germ-tube formation trehalase activity remained elevated over the first hour but had declined after 3 h, by which time > 90% of the cells had formed germ-tubes (Shepherd et al., 1980a) and all the GlcNAc had been taken up from the medium . Trehalase at 0.02-0.05 units (lolo cells)-was detected in the concentrates from the culture filtrates of germ-tube forming cells but this represented less than 5 % of the amount of enzyme measured by the in situ method. Trehalase was not released from the yeast cells during starvation.
( I -+3)-P-Glucanase activity. During yeast growth in situ (1 --+ 3)-P-glucanase activity increased threefold to a maximum after 16 h and then decreased with continued culture (Fig. 3) . The steady decrease in pH observed during growth in glucose/salts/biotin medium (Shepherd & Sullivan, 1976) did not occur in bactopeptone medium (data not shown). However, yeast cells grown in bactopeptone medium showed a similar decrease in (1 -+3)-P-glucanase with culture age (data not shown). The (1 +3)$-glucanase activity of cells undergoing germ-tube formation (six separate experiments) was similar to the enzyme activity in starved cells. In one typical experiment the (1 -+3)-P-glucanase assayed in starved cells [0.21 f 0.03 units (lolo cells)-'1 remained constant when measured at 0.5 h intervals during a 4 h incubation which gave a 90% yield of germ-tube forming cells.
P-Glucosidase activity. This declined throughout yeast growth (Fig. 3) . The enzyme activity in germ-tube forming cells was similar to that of starved cells, i. Autolysin activity. 
Extracellular (1+3)-P-glucanase.
(1 + 3)-P-Glucanase was recovered from yeast culture supernatants. The activity decreased with the age of the culture (Fig. 4) . During starvation yeast cells did not release (1 -+ 3)-P-glucanase into the medium, but during germ-tube formation (1 + 3)-/I-glucanase was detected in the medium after 30 min incubation (Fig. 2) . The activity remained low during the subsequent 1-5 h but increased fivefold between 2 and 4 h. Extracellular (1 -, 3)-pglucanase from germ-tube forming cells hydrolysed laminarin but did not show endo-( 1 -+ 3)-pglucanase activity on gel plates. When starved cells were incubated with 2.5 mM-GlcNAc at 28 "C there was no germ-tube formation, but 0.1 1 units glucanase (lolo cells)-were recovered from the culture filtrate.
A number of inhibitors were assessed for their effects on germ-tube formation and secretion of (1 +3)-P-glucanase. Azaserine (50 VM; Shepherd et al., 1980a) and 2-deoxyglucose (2.5 mM; Shepherd et al., 1980 b) abolished germ-tube formation and reduced extracellular enzyme production by 89%. Trichodermin (~OPM), an inhibitor of protein synthesis in C. albicans (Shepherd et al., 1980a) , and ethidium bromide (75 pg ml-*), an inhibitor of RNA synthesis (Shepherd et al., 1980 b), also abolished germ-tube formation and reduced secretion of extracellular (1 +3)-P-glucanase by 85 and 90% respectively.
Acid inactivation of enzymes in whole cells
Treatment of exponential phase or starved yeast cells at 4 "C with HCl at concentrations up to 0.5 M did not impair cell viability or the ability of starved cells to form germ-tubes. Preliminary experiments showed that HCl at concentrations up to 0.05 M gave partial (50%) inactivation of the in situ trehalase while 0.1 M -H C~ gave maximum (90%) loss of enzyme activity. The time course of acid inactivation of trehalase, (1 -+3)-P-glucanase and autolysin in starved cells is shown in Fig. 5 . Treatment of cells with 0-1 M -H C~ denatured trehalase, (1 -+3)-/?-glucanase and autolysin by 95, 50 and 35% respectively. (1 +3)-P-glucanase (a), P-glucosidase ( 0 ) and autolysin (H) activities as described in Methods. Values shown are the means of duplicate determinations (SEM < 15% for P-glucosidase and < 10% for the other enzymes) from a typical experiment which was repeated twice. Table 1 
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. (1 -+3)-P-Glucanase and p-glucosidase activity in acid-treated cells
Starved cells (a) were prepared and acid-treated (b) as described in Methods. Acid-treated cells were incubated at either 37 "C or 28 "C in 0.01 M-imidazole/HCl buffer, pH 6.6, containing 0.1 mM-MnC1,. Either 2-5 mM-GlcNAc or 2.5 mwglucose was included in each incubation mixture as indicated. Cells were harvested after 2 h, washed three times with distilled water and divided into two samples. One sample from each incubation was assayed for enzyme activity (c). The remaining sample was given a second acid treatment (d). P-Glucosidase and (1 -+3)-P-glucanase were assayed in situ as described in 
Cells
(1 -+ 3)-P-Glucanase P-Glucosidase The in situ activity of P-glucosidase and glucose-6-phosphate dehydrogenase was unaffected by treatment with 0.1 M -H C~ before the preparation of permeabilized cells. Table 1 summarizes an experiment in which starved yeast cells were treated with acid, washed and distributed into four incubation mixtures (with either GlcNAc or glucose at both 28 and 37 "C). Germ-tubes formed only in the GlcNAc incubation at 37 "C and the in situ P-glucanase increased by loo;/, during the incubation. The glucanase activity did not increase under the other conditions tested and fi-glucosidase was essentially constant under all conditions. Further, the in situ glucanase in the germ-tube forming cells was completely inactivated by acid treatment (i.e. a second treatment after germ-tube formation). Properties of P-glucosidase, trehalase, P-glucan hydrolases and autolysin The kinetic properties of these enzymes in situ and in cell extracts were similar ( Table 2) . The K,,, value of 2.8 mM for trehalase was comparable with that of 2-5 mM for the enzyme from Torulopsisglabrata (Arnold, 1979) and Aspergillus oryzae conidia (Horikoshi & Ikeda, 1966) . The exo-( 1 -+ 3)-/3-glucanase previously purified from C. albicans (Notario, 1982) had a K , value for laminarin (degree of polymerization 10-12) of 1-02 mM under assay conditions similar to those used in the present work. If the molecular weight of laminarin is taken as 1800, this gives a value of 1-84 mg laminarin ml-l, which is comparable with the K , values of 2.0-2-8 mg ml-* obtained in the present work (Table 2) . (1 -+3)-P-Glucanase activity was optimal at pH 5-6 in 0.1 M-sodium acetate, was inhibited 87 and 54% by 10 mM-gluconolactone and 10 mM-HgClz respectively and, as judged by paper chromatography, yielded glucose as the product.
The in situ assay procedure yielded K , values for P-glucosidase of 0.63 mM and 5-5 mM for exponential phase and germ-tube forming cells respectively (Table 2 ) and these different values were confirmed with assays of cell-free extracts.
Autolysin activity was optimal at pH 5.6 in 0.1 M-sodium acetate buffer and unaffected by 25 mM-EDTA or 50 VM-PMSF. When permeabilized cell suspensions were dialysed against 10 mM-acetate buffer, pH 5.6, the production of reducing sugar in the diffusate was linear up to 5 h and complete by 80 h (data not shown). Reducing sugar in the diffusate at 80 h accounted for 15, 11 and 14% (w/w) of the dry weight of exponential phase yeast cells, starved cells and germtube forming cells respectively. Glucose in the diffusate represented 0.7, 0.5 and 0.45 mol per mol of the reducing sugar produced respectively. Permeabilized cell preparations which had been exhaustively autolysed contained enzymes that hydrolysed trehalose and laminarin. The inclusion of 12.5 mM-HgC12 or 12.5 mM-gluconolactone inhibited the standard autolysin assays by 86 and 90% respectively.
DISCUSSION
Arnold (1 98 1) has reviewed criteria for identifying enzymes of the yeast cell envelope. In the present study of Candida albicans one of these criteria, selective inactivation of enzymes external to the plasma membrane with 0.1 M-HC~, has been used with an in situ assay procedure which itself has potential for distinguishing cell envelope enzymes. Candida albicans is tolerant to acid and grows in media of pH 1-55-2.0 (Shepherd & Sullivan, 1976; Odds & Abbott, 1980) . During the present work it was shown that glucose-6-phosphate dehydrogenase activity in C. albicans was unaffected by pretreatment of cells in 0.1 M-HC1. Further, acid-treated cells readily formed germ-tubes when transferred to the appropriate medium and cell viability was not affected. Ram et al. (1983) described conditions for the in situ assay of C. albicans enzymes. Different concentrations of TET are required for maximum in situ activity of different enzymes and the concentration required also varies with the type of cells (exponential phase, starved and germtube forming). This may reflect the stability to TET, the location of the enzyme in the cell or the cryptic nature of enzymes which are complexed with cell wall polymers. Treatment with TET not only renders the membranes permeable to substrates but it also extracts cell wall materials (Ram et al., 1983) .
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Trehalase was included in the present study because it has previously been established that this enzyme in C. albicans is associated with the cell envelope, and that the enzyme is released into the medium when stationary phase cells are transferred to fresh medium (Arnold & McLellan, 1975) . With a different strain of the organism (ATCC 10261) we found that less than 5 % of the enzyme was recovered in the spent medium after germ-tube formation. Trehalase was, however, associated with the cell envelope, as judged by the > 90% inactivation of the in situ enzyme in starved cells after treatment with HCl. Consistent with a cell envelope location, all the in situ activity was measured in starved cells without TET treatment. Since high (20%, v/v) TET concentrations were required for maximum in situ trehalase activity with exponential phase yeast cells and germ-tube forming cells, it is suggested that the enzyme is distributed between the cytoplasm and the cell envelope during morphogenesis. The changes in trehalase activity during yeast growth and germ-tube formation parallel reported changes in trehalose and thus the enzyme in C. albicans is probably involved in mobilizing this energy reserve during outgrowth from the stationary phase or during starvation. Notario (1982) reported that (1 -+3)-P-glucanase in C. aZbicans could be assayed and purified with both laminarin and p-nitrophenyl glucose as substrates. In the present work with strain ATCC 10261 it was shown that these substrates define different enzyme activities. PGlucosidase activity declined throughout yeast phase growth and was not affected by pretreatment of cells with acid. In contrast, yeast cultures showed a peak of (1 -+3)-Q-glucanase (laminarinase) at 16 h and half of the enzyme activity was inactivated by acid treatment. The pH optima for P-glucosidase and (1 -+3)-P-glucanase were pH 6.6 f 0.4 and 5.6 f 0.2 respectively. These results suggest that Q-glucosidase and (1 -+3)-P-glucanase are distinct enzymes: that the former is intracellular while at least 50% of the latter is associated with the cell envelope. Preliminary work on enzyme purification has indicated that P-glucosidase activity can be readily fractionated from the exo-(l-+3)-P-glucanase in crude extracts (K. J. Hynes, S. P. Ram, M. G. Shepherd & P. A. Sullivan, unpublished results) .
Autolysins in the yeasts and fungi are considered to be cell envelope-associated wall-lysing enzymes (Farkas, 1979) . Since the C. aibicans wall contains mannans (20-23%, w/w) and a mixture of (143)-and (1+6)-/3-glucan (40-57%, w/w) Yu et al., 1967) , reducing sugar found in the autolysates could be due to hydrolysis by mannanases, (1 -+3)-Qglucanases and (1 +6)-Q-glucanases. Autolytic release of reducing sugar was abolished by the addition of two typical glucan hydrolase inhibitors (HgC1, and gluconolactone) and was optimal at pH 5.6, the pH optimum for (1 +3)-P-glucanase. Since glucose only accounted for 45-70% of the reducing sugar generated, autolysis must also produce oligomers, presumably from glucans and mannans, but degradation of glycogen could also contribute to the overall activity. At the completion of autolysis (80 h) the reducing sugar released (1 1-1 5 % of the cell mass) constituted less than 20% of the reducing equivalents present as glucan and mannan in the cell wall. Exhaustively autolysed C. albicans cells hydrolysed laminarin, indicating that (1 + 3)-P-linked glucans are substrates for autolysis. The roles of autolysin and cell envelope-associated glucanases have not been established. If these enzymes are evenly distributed in the mother cell only a small part of the enzyme pool could participate in morphogenesis. These enzymes may, however, be involved in wall turnover.
It is widely accepted that localized secretion of glucanase and wall lytic enzymes occurs during cell-wall morphogenesis. The putative role for these lytic enzymes is a limited hydrolysis of the existing wall before new growth. The present work showed that there was a peak of glucanase activity in the early exponential phase of yeast growth, confirming the earlier report of Notario et al. (1982) . Although the in situ glucanase did not increase when starved cells were incubated 0-Glucanase and autolysin in C. albicans 1235 for germ-tube formation, it should be noted that the amount of glucanase secreted into the medium during morphogenesis [0.22 units (1O1O cells)-'1 was the same as the apparent constant in situ activity. Glucanase secretion into the medium was abolished by inhibitors of RNA and protein synthesis which also inhibit germ-tube formation (Shepherd et a/., 1980 b). The secreted glucanase could be synthesized de nouo, thus accounting for the inhibition, or, if the secreted enzyme comes from an existing cellular pool, then the inhibition of secretion could be an indirect effect. It was found that the in situ glucanase activity in acid-treated cells increased by 100% during germ-tube formation. Preliminary studies have shown that the in situ assay measures the envelope and intracellular enzyme (L. K. Romana, unpublished results) . Thus the results shown in Table 2 suggest (i) that glucanase synthesis is enhanced under conditions of germ-tube formation (GlcNAc and 37 "C) and (ii) that GlcNAc, in some manner, triggers secretion of intracellular enzyme, as judged by the loss of an acid-resistant pool of glucanase after incubation with GlcNAc and the second acid treatment. Further studies are needed to determine the roles and effects of GlcNAc in secretion and germ-tube formation. The role of secreted glucanase in C. albicans also remains to be established.
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